Both the high phosphorus (P) content and P bioavailability of the animal feed coproducts of the corn-ethanol industry could potentially contribute to increased manure and soil P levels and associated environmental issues (e.g., eutrophication). Therefore, a detailed modeling of total P mass flow to the coproducts (i.e., dry distillers grains with solubles, DDGS) was performed. Distribution of P between inorganic P and phytase-hydrolyzable P forms was quantified for selected coproducts (thin stillage, DDGS, modified DDGS [mDDGS]). The P mass balance indicated that although corn is the major P contributor to the coproducts (80.2%), a substantial portion (19.4%) comes from yeast addition. Of the two components constituting DDGS, wet distillers grains and condensed solubles, the latter contributes to only one-third of the mass but, importantly, yields 70.9% of P. The phytase enzyme used, Aspergillus ficuum, was very effective in hydrolyzing the nonorthophosphate P components of thin stillage, DDGS and mDDGS. Our results would help track P movement during various dry-grind processing steps and formulate strategies for phytase enzyme supplementation to various postfermentation coproducts from corn-ethanol plants.
D ry-grind processing of corn (Zea mays L.) is the method used in the majority of ethanol plants in the United States. The major feed coproduct in drygrind processing is dry distillers grains with solubles (DDGS) (Belyea et al., 2006) . Several process steps are involved to convert the fermentation residue (i.e., whole stillage) into DDGS (Fig. 1) . As its name implies, DDGS has two components: grains and solubles (Fig. 1) . The portion comprised of grainswet distillers grains (WDG)-is separated by centrifuging the whole stillage. The supernatant, known as thin stillage, is passed through an evaporator to form condensed solubles (CS) (Alkan-Ozkaynak et al., 2010) . A small portion of thin stillage is recycled (termed backset) as make up water to prepare a slurry from dry milled corn (Shetty et al., 2008) . While the centrifuge, evaporator, and drier are common in all dry-grind plants, additional processes or equipment could also be present. For example, some corn-ethanol plants (e.g., the plant sampled in this study) recycle the evaporator condensate (EC) into the ethanol production process after removing its organic content via an anaerobic digestion process. This recycled water (labeled process water in Fig. 1 ) offsets part of the fresh water requirements for corn-ethanol production.
In addition to DDGS, WDG, CS, dry distillers grains without the solubles and a modified DDGS (mDDGS) with lower (40-60%) solids content may also be marketed to the farms near ethanol plants. Ethanol producers market partially dried coproducts due to high processing costs for water removal (Rausch and Belyea, 2005) . All of these coproducts are used as animal feed, particularly for dairy and beef cattle. In cattle diets, distillery coproducts usually replace soybean [Glycine max (Merr.) L.] meal or corn grain when the diets are formulated on the basis of a fixed percentage of crude protein (Anderson et al., 2006) .
Because of the consumption of coproducts as animal feed, ethanol plants have become part of a larger agro-ecological system, which can be described as follows: the use of corn in ethanol plants, incorporation of nutrient-rich coproducts from ethanol plants into animal feed (e.g., phosphorus, P), land application of animal manure, increased corn production, and off-site transport of nutrients to water bodies. Increased nutrient levels (i.e., P, nitrogen) in water bodies can lead to the growth
